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Projets
• Collaboration:

• IHEP: RUAN Manqi, LI Gang, YU Dan, ZHAO Hang, …
• LLR: Vincent BOUDRY, Jean-Claude BRIENT, Vladislav BALAGURA, 

Marc ANDUZE, Emilia BECHEVA
• ECAL 

• Prototype, optimization (cooling), algorithm…
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Outline

• PFA - ArborLICH - Tools

• Detector Optimization

• ECAL

• HCAL

• B Field

• Baseline for CEPC CDR & Physics Performance
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PFA & Benchmarks
• Objective performance 

• Lepton

• Kaon

• Photon

• Tau

• Jet
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LICH - lepton identification
• TMVA based, PFA independent package: Lepton Identification for 

Calorimeter with High granularity 
• Input: 24 variables from reconstructed charged particle

• dE/dx, Fractal Dimension, …
• Efficiency comparable to ALEPH, mis-id rates significantly improved
• Physics event: consistant result with single particle level 
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Higgs to Tau Signal Strength
• High efficiency and purity identification of τ candidates 

• llH: number counting after lepton veto

• qqH: Cone based finding algorithm and use precisely reconstructed final 
states
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Higgs to Tau Signal Strength
• Take advantage of the vertex detector
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mumuH eeH nnH qqH combination

δ(σ×Br)/
(σ×Br) 2.26% 2.72% 4.29% 0.93% 0.81%

H→ττ signal strength (CEPC 5ab-1)
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Arbor Performance
• Higgs Boson Mass Resolution in vvgg channel 

(BMR)

• Focus on influence from algorithm/detector 

• Rejection: ISR photons, neutrinos from the 
Higgs, jets shooting to the endcaps 

• Frame for algorithm/detector optimization
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Optimization
146 THE CEPC DETECTOR

Figure 6.1 Overview of the CEPC detector.

(ETDs). The VTX and SIT provide excellent spatial measurements near the IP, crucial
for vertex reconstruction and jet flavour tagging. The SET and ETD, on the other
hand, provide excellent spatial resolution with the maximal possible track arm length,
therefore improving the track momentum resolution of charged particles. The FTD
significantly increases the geometric acceptance of the tracking system with coverage
of | cos ✓| < 0.99.

A Time Projection Chamber (TPC, Section 6.4) with a half-length of 2.35 m and an
outer radius of 1.8 m. The TPC provides a large number of spatial points (⇠200
hits per track) and spatial resolution in r� plane better than 100 µm. It has excellent
pattern recognition and track reconstruction efficiency (better than 97% for tracks
with p

T

> 1 GeV).

A calorimetry system (Section 6.5) consisting of Electromagnetic Calorimeter (E-
CAL) and Hadron Calorimeter (HCAL) with very fine granularity. The system plays
an essential role in the Particle-Flow Algorithm (PFA) [4–7]), allowing excellent sep-
aration of showers from different particles, and provides jet energy resolution of 3 –
4%.

A superconducting solenoid of 3.5 T (Section 6.7), surrounding the calorimetry sys-
tem. The return yoke is placed outside the solenoid.

A muon detector (in Section 6.6) with tracking layers installed in the return yoke.

The CEPC detector design is mainly driven by several selected benchmark physics pro-
cesses as shown in Table 6.1. Precise measurements of the Higgs mass and cross section
through the Z ! `+`� recoil method requires high track momentum resolution provid-
ed by the tracking system. This also makes the measurement of the rare decay process
of H ! µ+µ� accessible. Measurements of H ! b¯b, cc̄, gg branching ratios imply
excellent flavour-tagging capability for the vertex detector. In addition, many interesting

CEPC V1 Detector
~ILD

(up to 1 TeV)
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Lepton ID @ different geometries
• Single lepton identification efficiency

• ECAL: 20-30 layers, 5×5mm
2
 - 40×40mm

2

• HCAL: 48-20 layers, 10×10mm
2 
 - 80×80mm

2
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Baseline

• Event efficiency: mumuH efficiency degrades from 98.53 ± 0.13% to 
97.24 ± 0.18% while readout channels 7/8 reduced
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ECAL Optimization 

• Baseline: 30 layers
•  Absorber: 20×2.1cm+9×4.2cm
• Sensor:

•  thickness: 0.5mm
• Cell size: 5mm×5mm

• Optimization options: 
• Total Absorber Thickness 
• Number of Layers (while total 

absorber thickness remains the same)
• Sensor thickness
• Cell sizes

• Mokka & Arbor version3.3
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182 THE CEPC DETECTOR

Figure 6.27 PFA: Overview of imaging calorimeters which are under development for future lepton
colliders, with different absorber materials, readout technologies and active sensors.

6.5.1.1 Silicon-Tungsten-based ECAL (SiW ECAL)

The proposed ECAL design is based on the ILD detector, with modifications which
are necessary to allow active cooling similar to that proposed for the High Granularity
CALorimeter (HGCAL) [78] of the CMS end-cap Phase II upgrade. With granularity as
high as 1 ⇥ 1 cm2 pixels, clusters formed by hadronic jets can be well separated. Further
optimisations of the ECAL dimensions, number of layers, granularity and possibly other
parameters will be carried out in future.

Figure 6.28 View of the SiW ECAL geometry. The barrel is segmented in 8 staves of 5 modules. Each
barrel module incorporates 3 towers of 11 alveoli in which detector "slabs" are lodged. The end-caps are
segmented in quadrants of 2 modules (with 2 and 3 towers).

Chapter 3. ILD Calorimeter System

aspects will be addressed, with variables such as numbers of producers, time of production, etc..
The requirements on granularity, compactness and particle separation lead to the choice of a

sampling calorimeter with tungsten (radiation length X
0

= 3.5 mm, Moliere Radius R
M

= 9 mm and
interaction length = 99 mm) as absorber material. This allows for a compact design with a depth
of roughly 24 X

0

within 20 cm and, compared to e.g. lead, a better separation of electromagnetic
showers generated by near-by particles. To achieve an adequate energy resolution, the ECAL is
longitudinally segmented into 30 layers, possibly with varying tungsten thicknesses. In order to
optimise the pattern recognition performance, the active layers (either silicon diodes or scintillator)
are segmented into cells with a lateral size of 5 mm.

3.2.1 Detector implementation

Figure III-3.1 shows the position of the electromagnetic calorimeter in the ILD detector, the trapezoidal
form of the modules and how it is envisaged to be interfaced mechanically with the hadron calorimeter.

Figure III-3.1
The electromagnetic
calorimeter (in blue)
within the ILD Detec-
tor.

After several years of successful operation of small so called physics prototypes the focus of the
work turns to the realisation of technological prototypes, see e.g. [299]. These prototypes address the
engineering challenges which come along with the realisation of highly granular calorimeters.

3.2.1.1 Alveolar structure and general integration issues

The mechanical structure consists of a carbon reinforced epoxy (CRP) composite structure, which
supports every second tungsten absorber plate. The carbon fibre structure ensures that the tungsten
plates are at a well defined distance, and provide the overall mechanical integrity of the system (the
so-called alveolar structure). Into the space between two tungsten plates another tungsten plate
is inserted, which supports on both sides the active elements, the readout structure and necessary
services. This results in a very compact structure with minimal dead space. The mechanical structure
is equally well suited for both proposed technologies. Figure III-3.2 shows a prototype which is 3/5
of the size of a final structure for the barrel. For the end-cap region alveolar layers of up to 2.5 m
length have been fabricated. While in the barrel the shape of all alveolar structures is the same, three
di�erent shapes of alveolar structures are needed in the end-caps. Recent studies revealed that in the
end-caps considerable forces are exerted onto the thin carbon fibre walls, which enclose the alveolar
structure. This issue has to be addressed in the coming R&D phase.

Figure III-3.3 shows a cross section through a calorimeter layer for the electromagnetic calorimeter
with silicon (SiECAL), and one layer for the electromagnetic calorimeter with scintillator (ScECAL).
The two readout layers of the SiECAL will be mounted on two sides of a tungsten slab, which is

220 ILC Technical Design Report: Volume 4, Part III
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ECAL Longitudinal Structure
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• Absorber thickness
• Di-photon 

resolution in 
H→γγ

• Layers (total thickness 
remains the same)
• 30, 25, 20
• Di-photon resolution

• Layers & sensor thickness

• (30L, 0.5 mm), (25L, 
1mm), (20L, 1.5mm) 

• Thicker silicon sensor 
layers compensate the 
degrading 
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ECAL Cell Size

13

• To reduce the readout channels: no passive cooling
• Separation performances vs particle distances
• BMR

Cell Size (mm2) 5×5 10×10 20×20

BMR 3.74 ± 0.02 % 3.75 ± 0.02 % 3.93 ± 0.02 %
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Cooling system

14

Thermal contact resistance :1000W/m2*K 

The temperature of radiating surface：20℃ 

The heat rate of 1 ASIC: 0.36W

ABAQUS FEM Simulation
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Cooling system
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Temperature 
distribution（1mm） 

Temperature 
distribution（2mm） 

Temperature 
distribution（3mm） 

Temperature 
distribution（4mm） 

Temperature 
distribution（5mm） 

Temperature 
distribution（10mm） 
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HCAL Thickness & B Field

• HCAL: outer layers unused

• Smaller B Field needed

16
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CEPC_V1 vs CEPC_V4
• CEPC_V1: baseline in CEPC preCDR

• CEPC_V4: baseline for CEPC CDR - APODIS
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CEPC_V1 vs CEPC_V4

18



FCPPL Workshop 2018, Marseille Dan YU

Performances comparison
• BMR:

• V1(left): 
3.80±0.02%

• V4(right): 
3.83±0.02%
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• V1(left):   0.93±0.06%

• V4(right): 0.97±0.03%
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• Leptonic object reconstruction algorithms developed
• LICH
• Tau finding

•  APODIS, the baseline detector concept for the CEPC CDR, 
is established via a series of optimization studies.
• Reducing B Field by 15%, ECAL readout channel by 75%, 

HCAL thickness by 20% — the construction cost by ~ 20%. 
• Enhanced the PID performance (by requesting dE/dx & 

ToF), and maintained the same level of performance on 
Higgs measurements

• Further collaborations: 
• Beamtest 2018
• Readout Electronics
• Thermo-mechanical studies

Summary

20
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• Yu, D., Ruan, M., Boudry, V., Videau, H., & Brient J.C. (2017). Lepton 
identification at particle flow oriented detector for the future e+e- Higgs 
factories. The European Physical Journal C, 77(9), 591. 

• Liang, H., & Ruan, M. (2018). Detector Performance and Physics 
Potential at CEPC. In International Journal of Modern Physics: 
Conference Series (Vol. 46, p. 1860086). World Scientific Publishing 
Company. 

• Zhao, H., Fu, C., Yu, D., Wang, Z., Hu, T., & Ruan, M. (2018). Particle 
flow oriented electromagnetic calorimeter optimization for the circular 
electron positron collider. Journal of Instrumentation, 13(03), P03010. 

• CEPCCEPC-DocDB-id: 
• 169: Photon reconstruction 
• 171: Boson separation 
• 172: Kaon separation, TPC+ToF 
• 174: Track reconstruction in APODIS  
• 175: Photon reconstruction in APODIS  
• …

Publications

21



Thank you for your attention!



Back up
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ECAL Cell Size

24

The efficiency to separate two 
photons at different distance for 
different cell sizes

The distance between photon and its 
closest neighbor in tau events @ Z pole 
(red lines show the critical separation 
distance for different cell sizes)

Cell Size (mm2) 5×5 10×10 20×20

BMR 3.74 ± 0.02 % 3.75 ± 0.02 % 3.93 ± 0.02 %

tau  
@ Z pole
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LICH - Event ID
• eeH/µµH 

channel

• Different 
cut for 
different 
energy

• Difficult for 
low energy 
π/µ

• Event 
efficiency: 
97.06% 
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Cooling system optimization
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